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sa® «if «rt <om * w«&#ofi:sfli# «• * <i« 
[lima 6] fltrfBlt^¥Si±. 



2 

m^\'^xmiifi7r^^tifzmniziiiri>mmitmi^^-t 

lO 0 0 1 1 

m^^M,ti:Ti^hmmi-tz^i$-im^-ri>W}m^\H<r>mi^ 
20 1 0 0 0 2 1 » L < (4, mmmib^t^mLfzW}m^mmf>^ 

!©^*:?rjEL < 1^561- ill) iS«rt<^®i#ora5e:frftSt/'tt 
[0 0 0 3] 

^ tj-fflit * ^ waffi^ =^ ffl T s«?-r -s. :i t -e 

'y a V^^" , 8th Symposium on Human Interface, pp 

607-612, Oct. 21-23. 1992) o 
10 0 0 4] Ell 0»4, '^^<D:^miU^-ri>mi:ffi 

•to 01 0 (A) ii. mi 0 (B) ic^-refc^^u—A 

1 oi*i=&. mi 0 (c) tc^-rH:ft?go®#;2 o*^ Bf 

40 Mto:^^hmmt4 (to < ti) tx(om^m&izw 

v»et^fe-7 U-A 1 Ol*ii^WlLX\^^Z>m^i7pLXiS 
0. ^SUto i::J3lt*efc«-7W-A 1 0 (ffi^ (0. 
0, 0), (x, 0, to)v (x, y, to). 
(0, y. to) <0 4 .^,i-m.^.i:-ti>mnM(Omi^) ■A'- 
hmmti 1 Off «^5*fcOlft« 

7V-i^l OS-. B#SlJ<D#WHCBtH« (t) :^ffiHCT^T 

014, B#S!I to t4 '^O^HSiSrl^v^, 



1 



(3) 
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7t> 1 ort<D!^'(*^2 o«-i*i'a-r*Eg:ft?^ 

IfStil^i: LT«|ft$irTV»So El 1 0 (D) El 

0 (A) tr^-tB#SiJto7j-'bB#SlJt4 ST-0#e5t«7l' 
-A 1 Ort-C%l-ft:2 0=^|Sl^i-*'li:*^Bjt6>&IIlt=Sr^ 

iiv^oOtt, 5pJffl***gIl 0 (A) tc^-rSjil^S:^* 

5&«taMlliiiftrtcot>*2 0 ^#2 0 

<0t UT|B|5e-r-& - t**pItl^;|Sl*«0- i:-C'*^o BS^^ 
1 Ol*l<D!fe'tt:2 0 {4^K«0eiilC'P^-oT-?-CDe 

*«^S!J t 2 I'- A 1 0F^f|&^2 0O:&TS-Ji 

(t3= t2 + A t) IC(±, B#a] t3 <0?Jt<a7 1 
:^Hl4SElCtl'»2 0 liffft LTV^:&v^ t v» ^ Jif^d^^x. 

®#:2 omz.m^^(om^2 on*) 4iAv^s6ffltsKti# 

[0 0 0 5] 

10 0 0 6] HI OP=^a,ar(±, 

V^-U 1 Ort<0tl#2 0 «rv;'.'r AlciEL < RJeS-^-S) 

^!^#2 0=£'m3e-r«.ii:;J^T-§;S)fiitl*l5rti^L^:(t 
fi.{f«:e,^v\i±r-c$)^o mm^t^. ^4i!)->Xx AlC^S 
$i^TV>^,!fe-t^:2 O^m^i-^i t*«T-#i.M«lcML 

tlfr2 0 ^Ji^$tL/t%#2 0 t LTiEL< lB]^-t-^i 

10 0 0 7] H2 0F^M*(4. ±fBiJe^<75:^fe-eJi, II 
1 0rtlc#;ffii--J)!i5#<7>!^:6«/J'^^v^JS-&i;»±. 
ttz. BJtft^U-Ai Orticff^af '5>t/'^(0$5:;6«#v^Ji, 



4 

[0 0 0 8] HSOPp^H.acti, »)§«OiSv>%|'($?r|SI^-t 

i>m^^'^i^<^^W}&mi:mmLtzmmt l-c^^l-c 

1 0 0 0 9 1 m 4 <OPB^a.^»±, »)ll«<OW^j*JK*^'iiV'» 
*-^=6: f . ±BH 3 OPp^Si I^«l<OPn^S:**§&^-r S 

or«g*^** «-«li^5t LTiJ*-55c »t*t»? v> i: ^ 
,ir-P*^o CiOPp^^^), ±fE»2 0PB^jS^,^3<OPp^S 
A t |Bi«SS:5g ic# < (^le ^ HI- -a o 
10 0 1 0] :^^mii. ±ti.<Dj^Azm^fj:^iXfzi>(r> 

« 4- 2. - t i e<i t i- -i. o 

20 [0 0 11] tfz. mm^tLtzm^Tb^^^iDnm-v-^^ 

4: -a c: i: § fltf t -t „ 
[0 0 12] ttz. l&li«flS«rt«r»t6-r 

I^^SS «:att-r * - i: Sr g 65 -r 4 o 
30 [0013] 

mmim^-ri>fz>sb<D^^\ mm. ^^^fowMU 

[0 0 14] ^^m<o. mmm.n<r>mw-<r)m^-)3^it. 
^it>mm^ixtz^min.mmii^friL c;^^^-/!) . m 
mmi^^nm^fitzmm^mmL^^ttifih. ^^ijm^ffi 

[0 0 1 5] mm^izxtotbrnrnm^f^ommiimm^ 
tiht. ^ibwm^ittzMmmmi^mmit^<^^i^<o&fB. 

40 [0 0 16] mm^izx^xi^m^fitzmi^.t±m:^7- 
y:r3-x^^m^tifz!^i$-toK:&itmL. tfn^fifz 
ICS. iclgcf v» r 5pJffl#<^Jt^ L izHm-t- * »M« 

[0 0 1 7] 112 (4> :^^m<r>IWMM^mi:7r:-i-o 
[0 0 18] :^^m<D. ll)liiSrt<7)!ia#:0|W|5E^S 1 0 
0»4, ll)li«1«««:S«i-*li«S«#Sl 1 Ot. H 

mwm^Wii 1 0 iciia$ti/c»ij®««#«-«*i-'2.ii 
«s^^si 2 o t, m^mfp^^i 2 oic«^?n/c 



1 



(4) 
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0 1. mTj^^ittzm^tm^m^^i s oizxio^m^ 

to 0 1 91 ±fB;^gR¥S i 5 0 ti> ffiili«1f«rt<o# 

3S:5er * t tw, ffiefll«S«¥S 1 4 0 <0(f <o«^?s 
to 0 2 0] ±fE^t5!?««ii6:^¥^ISIi. 

10 0 2 11 ±SB*Sffff*e 1 6 0 »±, *g*$ #T.^wffi 

5 oiizx-ox^m^fifzmi^<D^m.m^ 
ti!)-hmmi:tmL. nn^titz^mizm-^sy^^xitsti: 

to 0 2 21 

to 0 2 31 =?X)W}mi^m^p^<o^^^mz. m 

mmmi^mn^^izisn i>^m.mmimmLx\^^ifzi6. 

[0 0 2 41 tfz. J&^?ti./cffi^lc*o-v>T, Kiilft 
10 0 2 51 ttz. «^$*x/il!)®ft1f$Sl*IOft#;?-« 

10 0 2 61 tfz. fi7jk^itfzSH^t^m^fifz^!^i$- 

<D^m.inm^z&^'^xs.itfn■•ri>^tx\ mmm<Dt^ 
mttziisiii^ixmizm^^-TSnzm^-r&^timttt 

10 0 2 71 
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mmm jwt, mMt^\,z:i^^m<r>%mminm\zu 

to 02 81 SI3J4, *f&W<0— Illfefi«l<^fll^ia*^ 

ftumas i 1 0 . M^a^gB 12 0, mmimu 1 s 

0 , fisif Suisse 14 0, ^fg^itsssEas 180,* 
m-ftnui 6 0, ftii«iaB2 o o*»'bffi^?n-5.o 

to 0 2 91 MfitiiaaJi 1 ot±, mm^mm.^^nL 

10 fih. O^x^X, O^y^Y, 0^ t ^TO$IHt-ab 

^h.mm^mm.xi>y) . x4i, ytt*^t,«fiK$tL2.ifc«7 

U-A^B$^lJ (t) ^(ClIULTV^So 
10 0 3 01 M«»^«6 1 2 0 14, H^HIIgB 1 1 0 ic 

1 0 0 3 1 1 1 3 0 f±, m^n.7v^u 1 2 0 

(x. y. t) Srji^-r 
^•7>>;^-c*^o MffeS^SEi 2 0 lw^^$tL/i!jiiii1Sfe 
1f«^a^d^<b, ^K!tili^««rt<^ab*ffi^ (x, 
20 y) (Offifi-C, SKafi=Sr*g^i--&fw*05K^ v*#-r 

}^(Dm.mti,x. m.n (x, y, t) wj&^sri-^i t 

**-C§So J^1.T, MSJt^SBl 3 0cOJi^-r*ffi^J4, 
(px, py, pt) fcSKi'.So 

10 0 3 21 ^m.mmMm^ 1 4 0 14, mm.mmu 1 1 

0 \,zmm^fii>mmm.'mm.no^kmw^<r>^u^t lx 

1. F^O-J^7C<^M^ (x, y) tt^Mt t-^h^j:i>E.'A 

30 7c^r4rt<^)ii« (x, y, t) tLxmm^ti^. WjM 
^mmL(on^^zn■^xm<WLmtLxmm^i^x\>^io 
mitmmui 1 oic»«$itTv»snjffli«'i«^F*30!»#: 

1 OffiSlf^Sr, 
to 0 3 31 

I»ll 

trace* 

to 0 3 4 1 i:«fBL, tli*^ i O^^J t tciJ»t*tt««fe 

Z> o 

40 t 0 0 3 5 1 
IS!c2l 

traced (t> trace} (t> 

t 0 0 3 6 1 UTIC, mi:m^^xm^ \ OfitSlt^lCO 
V^T§i?g-r^o 12 4 14, 3|s:f&§g<0-|lifeW<0!gil^ i 

%mtf&^ i <OB#S!]0;6^ibB#»J t t-CcOSJbft^ U-A^ 
<OSIbOKLS|:?r3^LTi5l3, *v>gt||t4tl^ i OB^^O t 

||^ti:v^?6Mi:0«M* (A) (4, Bt^J t iciJtt^iS 
50 S (X. 0. t) , (X. Y. t) , (0, Y, t) , 
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(0, 0, t) (Oi-oomuirTM.^t-riimMMi^m^ 

T**„ mmti t:iJtt-i.Ki®ft1«#l*lt;(i. ffi^ 
(3. 7), (12, 7)> (6, 2) (T^ttSlc-fta* 
^•^•2tl#:#-^**2 1 , 2 2, 2 3<D3o<D©#::6*«^ 

[0 0 3 7] *Sft»SI5 1 6 0 ti, ffi^^iS^aS 1 3 0 H 
10 0 3 81 

[iic3l 

LCpx. py, pt. tracc'> 

[0 0 4 01 :^m^«is:5eSi5 1 8 0 «x mmfimm> i 3 

R (p X , p y , p t ) 

t^IS-tSo i|^5^«JSSS:5g#RO*aicov^-Ct±, «5E 
[0 0 4 1 1 *IJ^g52 0 0 lCOV»T(i. J£tTlC|2l4-fliv^ 

rt^sRsci 9 0, iB)5gg6i 7 o*-f>«fi£$*t-i.o ^mm 
«rt*^^^gBi 9ot±, ®«3g«SBi 1 oii^hmm^mm 

Ji^M««-^«^«S^SB 1 8 O'^m^lLT, 

Jg^M^ r lE>-r ^ i&ll^lf « (73 ti-* ?r ^^-f *!) 

««S«gBl 4 0<0tfi<0«^««^rtOfi[«flf«l=Sr«-r* 
tc^^^s^LTISI^SBl 7 0'--Ui*1-'J>o 
[0 0 4 2] mMUl 7 0 ti, Ji^M^t^SliltF^^ 

9 ocoai^i-'i.^ite/^ofiaif^tomsr^istt- 
[0 0 4 31 mrtc, ±f2ttlI«P^O!fe^ora5eSgS 1 

0 ooi!ji'^s-i2i=Srfflv^Tgi?g-t*o mm. :$i^m<r>— 
[0044] (;^T->:;^20) mmU2 0 0(O^mm 

mn^ikmm 9 ot±, wim^wmui 1 o*-'b©®«if 
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[0 0 4 5] Uy-yf2l) ^^^litrt^^SC 1 9 
0»±, ffi^ti^^m 3 QIC J: "J ^IJffl#;6«I!)®«1S«Sr 
E ^ ^^»li«fll «f*i <^ffi« «r fiS^ L fzTtf^^i)^ i ^ 

[0 0 4 61 U-f->y2 2) ^9g«lSrt^5Kg|5 1 9 

«^Ji^L7ti»-g-tC. mTpLfzm^ (px, py, p 
10 t) ir^mmntSc^^l 8 O'^ffi^jL, ^9S^1^^5cS 

[0 0 4 7] C^y-yzTZS) ^m^i^^^mUl 9 

ot4> ^mm^Wi^^i B oizx^xw^^iifz^mm 

l^tClgo'V^T, laSlf^liagBl 6 0<04':>:>'b^K^« 

^ o 

[0 0 4 8] (:^-r •;'7'2 4) ftlJ«ieB 2 0 0 ORJeffi 

1 7 0 Ji, ^3R^«jf*i«isRgc 1 9 0 omicf-sja^^^)© 

20 filS^tc^-^v^r, fiJffl^<Oj&^L:^c;^^ (px, p 

y. pt) t^!&'t$.<Dmmmmti:x&mnMi 6 0-^ 

[00491 (;^-r-;'-/25) USSB 1 7 0 tl, ±ffi 
:^y--yzr2 3 fi^fS^^rt^^SB 1 9 0 <omi) Lfc^T 
(?5lj'(*:<Oteg««t:*<:yv>r, ;^7^:y-7'2 4 0*JS<^f^• 
#S•^f'fc^^t54-S:6^^••?-3^•;'^' t, *]S<7)tt#=^tf =io 
T</''*cV^!i»'*3!)«^)^^-&ir»4;^.7^-;;7°2 A^m^-ti>a 

[0050] (;^-r>-/26) I^^SB 1 7 0 Ji, ±fa 
>5. X 7' 2 5 -e, ^T<0Jfe'»:tCOV>T*a[<Dff#*«^T 

[0 0 5 1 1 J-JLTIC. ±ie*^?^<^-siMi^ici5it*> 
ii)ii«rto!^#<oi5i^^si 0 ooA#e^J^r^?lIS:g^.wr 
^SR5,ir:fcffifi-#S|Sl 6 0<73:fcJSti-#SL«rJilTO"b 

[0 0 5 2] 

40 R (px, py, pt) = l(rx, ry, rt) 10 
Srx^X, O^ry^Y, rt = pt| 
[0 0 5 3] 

[I&41 

L (px, py, pt, trace ') = 

-((p X- t r a c e i (p t))» + 

<p y- t r a c e i (p t))' )'^» 

[0 0 5 4] tfz. ^mm^n<r>mw(r>m^^m. i o o 



(6) 
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i>i><DtL. m^-^tlfzm^i (4. 6. ti) tLX 

mmiri>o m8(DT 1. t2. r 3(i.' fim^titzmn 

t^m^2 1 . 2 2, 2 3 t<7)SiS|^,T^LTi5 Sgfit 
IC- 1 - r 1 , - r 2, - r ^t^XBLt^j: 

ho 

[0 0 5 5] ifz. 1 4 0 1C»±, 0 5tw 

1 0 0 5 6 1 mnu 2 0 0 o^^nitrtt^^sc i 9 o 

*«, i61i««aiffl51 1 0:6-c>»li«1t«S-^.%^aiLli« 10 
afiCl 2 O'^RS^-r* (^x-;'7"2 0)o . . 
[0 0 5 7] ^5^^1trt^^Se 1 9 0 ^«Jg^^S 

(p X, p y, p t) = (4, 6, ti ) 
*«Jt^5ii7^:<0-r (T.'fvfl 1, YES) , * 
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(p X, p y, p t) = (4, 6, ti ) 

|(rx, ry. rt) lO^rx^X. O^ry^ 
Y, r t = ti I 

[0 0 5 81 ^«ffiitF»3^g^gi5 1 9 0 li. ^^^mSi'^ 
as 1 8 0 <t o T|S:5£ $ ^^;t:^s^^l^, 

|(rx. ry, rt) lO^rx^X. O^ry^ 
Y, r t = ti I 

tc^o'v^r, eam^liaSBi 6 0<O>^':d-t,^K^aSfI 

!fe<*:2 1, 2 2, 2 3 03o<D!fe#Offl[eif®, 
[0 0 5 9] 
[SCS] 



trace*' 



[0 0 6 0] *?l#L, fl5l»L7tfi:fi1t#«rl^5ggBl 7 20 
O'^mSj-r-S U-r •;':/2 3) o 

[0 0 6 1 ] ftiJt^gB2 0 0(7)1^^861 7 0<i, ^sS^i* 
fl;^«g61 9 0<oai^)i--&!fe#coe«1f^U»o'w^-C, 

(px, py, pt) = (4, 6. ti) 
t#!fe*2 1, 2 2. 2 3<7)fi«1f$gt^*Eft»g|5 1 

eo-^tb^jL, :tSlt#SL-c^®#2 K 22, 2 3 

LTTfB<?)3 00tf#«*S-||-& (;^T-y7'2 

4) o 

[0 0 6 2] 30 

[«c6] 

L<4, 6,t. .trace»') = -V — T" 



trace" trace^' 

[0 0 6 5] 
[»7l 



L ( 4 , 6 , t , , t r a c c ") = -V 6 5 
L ( 4 , 6 , t , , trace") = -V 2 0 

[0 0 6 3] I^^SB 1 7 0 IMT. x 7 7" 2 3 -C^g^?^ 
^^rt^gSSBl 9 0OtB:t)L/>:^TO$^#(Dii«1f^tc 
«-c?V»T, ;^x->'-/2 4 0*a[<^)t|-»=S:^7L7t<i5-e 

(;^r-;'-7'25, YES) > tfff L/c^l^O^iSO + Ji^ 
5>S'{>€0:^§:&:tjS<^^#t LT!fe#2 1 *M«?L, 40 

i:|B|5c-t-i. (;^x->7'2 6) o 
[0 0 6 4] JSlTi::, ±ie:*:^^<7>-^itetaj(7)iijSf^rt 
O^-ft^OlHl^^B 1 0 OiriJV^-C. ^itlSJeSBl 8 OO 
ffl«K5e«IRatf, :t«?i-^gBl 6 0 <^*Etf»|gL «r 

^m-tho ^mL%U\ 8 OOfi^lftJ^flRiSr. 
R(px, py, pt)= Mrx, ry, rt) 10 
Srx^X, OSrySY, rt = pt-At| 
t L, *Kit»a5 1 6 0 0:fcSft»SL 4r, 50 



L(px,py,pt, trace ')■= 

-((px-tracei (pt-At))» + 

(py-tracei (pt-At))*)"* 

[0 0 6 6] t-t-So 

[0 0 6 7] tfz^ :$:i!)®*fel^<0t>#O|^^^S 1 0 0 
<^fiJffl%«i®Il«1t«S-^4:**'b> 12 9 (A) JZ^-m 

ffl<DizgA5B-c^i-Bjt«7U'-A 1 oi ii'^m.TB'^Mz'mn 

t2tc, -S^Ji^Sai 3 O-C-119 (A) tfOfiS^O^ 

ent?^-fffi^te^*-v;n 2ofi:fi (8. 5, ta) 

izX-DXmM^<r>!^'t^2 4 Srti^LJ: ^ i: LTv^^ "bW 
ii-*o L^i^L, |Sllllc^1-lJ-»:2 3. 2 4 Ji^I&i^JS 

i)^m<. mmmni^md (a) <d8^«7u-a i oi f*3o 

^#2 4 *¥|f2LT7i-f,^^(Cffi«|fi^gBl 3 0^»<^ 
L^i^i>tXff)mmmil (At) (7)d*>tc;fe:^[6]-v^i6 

(B) izm-rmpits (t3 = t2+At) icijtt-sn 
«tg^*-v;n 3<D'&.m.ttj:y). iiim^ixtzmmt 

(8, 5, t2 ) •C»4«r< , (8. 5. ts) tc«r^"{> 

[0 0 6 8] ttz. ^mmmmmu 1 4 o h 5 ic 

[0 0 6 9] mnU2 0 0 0:^?S«iSF«3«t^gil 1 9 0 
Ti*, ij)ll«S«S15 1 1 O^J-tlfili^lfffi^gE^ffiLli* 
aSBl 2 O'^-S^-f-a •;'y2 0) o 

[0 0 7 0] *feg^ffii*F^t^fe*gB 190:**, ffii^itS^^S 

mmp^<r>m^iii^7ii\^fzt-^ii-i-f-:i.-y{'-i-ht. mm 



(7) 
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(px, py, pt) = (8, 5, t3) 
**Ji^Six/wC7)r- (;^T-7 7'2 1, YES) , 

(px, py. pt) = (8. 5, ts) 

|(rx. ry, rt) lOSrx^X, O^ryiS 
Y. r t = t2 I 

1 0 0 7 1 1 ^mmi^\*i^mu 1 9 o ^mm^^wc^ 

|(rx, ry, rt) lO^rx^X. O^ryS 
Y, r t = t2 I 

H*-:?v>r, ^W:m^mm^l 6 0 (0'1'*-t,a^t^t9^fl 
[0 0 7 21 

ISfcsl 

trace trace"* 

10 0 7 31 «r5l#L, «l#L7tteS1f«S-ra5£SSl 7 
O-^ffi^J-t* (;^T-;'y2 3) o 

[0 0 7 41 mmu 2 0 0 oibussb 1 7 o ii> 

fHl^m^l 9 0<7)ait}i-^ig&'ft:<Ote«1«»lw*cfv^T, 
(p X, p y, p t) = (8, 5, t3 ) 

mt>L. *JSft#SLT-#tJi*^2 .3, 2 4<0%BctLX 
T?B<0 2o<Dtt#*S*Sr#-& C;^^ ■7'2 4 ) o 
[0 0 7 51 

[8!t9l 

L ( 8 , 5 . ti . t r a c e") = --TTB" 

L ( 8 , 5 , t> , trace'*) = -V 2~ 
[0 0 7 61 I^^SS 1 7 0 »±, JilE;^ f- 7° 2 3 X'^m 

^o-v^r, ;?.'r-y/2 4<o:taE<^W-»^^7L/^of 
(;^.-r -;'7'2 5, YES) . nM-Lfz^iiF-<OXm<0'^-i)^ 

t|SI^t--5> i:^T"J-f2 6) o 
[0 0 7 71 iie-fltO^iS^jO J: d l::K)li<t1f 
'»:<0igtl6jS)S*«iSv»*&-^. jpjffl«**!fe<*:2 4 in^LX 
n t LTffi«Jt^S|51 3 O^S-f^Lfc^moffi^lJ, fIJ 
ffl#<0*.ElL/cffi^ (8. 5. t2) -C<±4<. AtM 
v^, ffi^ (8. 5, t3 ) t^roTLS ^ - t3j«**o 

ICji^'t'i.S-C-lCjlS^P^ (At) *«***-&T**>oT 
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